Abstract -In order to examine how extruded and pelleted feed affects the fatty acid composition of carp meat and Chironomidae larvae, two-month-old carp specimens were set in two fishponds (L1 and L2). The fatty acid composition of extruded and pelleted feed is characterized by a significantly higher content of ω-3 fatty acids and higher ω-3 to ω-6 fatty acids ratio (ω-3/ω-6) in extruded (11.34±0.12% and 0.315±0.005, respectively) compared to pelleted feed (7.72±0.08%, 0.180±0.001, respectively). The fatty acid composition of carp meat is characterized by higher ω-3 fatty acid content and ω-3/ω-6 in carp fed with extruded feed (L1, 6.98±0.53% and 0.295±0.022, respectively) compared to carp fed with extruded feed (L2, 5.46±0.07% and 0.232±0.009, respectively). Chironomidae larvae from the fishpond L2 had significantly higher ω-3 fatty acid content (8.22±0.89%), and therefore higher ω-3/ω-6 (0.81±0.09) in comparison to Chironomidae from the L1 fishpond where these parameters were 4.48±0.06% and 0.21±0.01, respectively.
INTRODUCTION
Carp is one of the most cultivated fish species in the world and the most important species in Serbian aquaculture (Marković, 2010) ). The most common carp farming system in Serbia is the semi-intensive production system, based on the combination of natural (bottom fauna and zooplankton) and supplement feed. The grains were the dominant type of carp feed until 2005. In order to increase production per fishpond unit area, but also to improve the quality of the carp meat, in recent years fish are provided with concentrated feed (pelleted and extruded feed). This way of carp feeding is spreading from Serbia to other neighboring countries: Bulgaria, Romania, Bosnia and Herzegovina (Vandeputte et al., 2008 , Marković et al., 2009 Marković, 2010) .
Despite containing biologically important proteins, fish meat is one of the main sources of essential fatty acids in human diet. Many factors affecting the lipid and fatty acid composition in fish tissues, such as environmental (Farkas, 1984; Viola et al., 1988; Vacha and Tvrzicka, 1995; Alasalvar et al., 2002; Rasmussen et al., 2006; Kandemir et al., Polat, 2007; Guler et al., 2008) and genetic predisposition (Bieniarz et al., 2001; Fajmonová et al., 2003; Buchtove et al., 2007 Buchtove et al., , 2010 Łuczyńska et al., 2012) . Examination of the fatty acid composition in carp meat has shown that different methods of breeding and feeding has caused significant variations in the proportion of n-3 and n-6 polyunsaturated fatty acids.
There are studies indicating that the fatty acid composition of fish feed influences the composition of fatty acids in fish meat (Farkas 1978; Fauconneau et al., 1991 Fauconneau et al., , 1995 Steffens and Wirth, 2007) . Feed rich in n-3 polyunsaturated fatty acids significantly increase the n-3/n-6 PUFA ratio under the same growing conditions (Grisdale-Helland et al., 2002; Person-Le Ruyet et al., 2004; Skalli et al., 2006) . Essential fatty acids are important for biocenosis stability in aquatic ecosystems because aquatic organisms are the primary source of available essential fatty acids (Arts et al., 2000) that are implemented through the food chains in multiple trophic levels. As regards carp, the main natural source of essential fatty acids is Chironomidae larvae, especially Chironomus plumosus as the dominant species in carp ponds (Bogut et al., 2007; Živić et al., 2011) .
Very few studies have dealt with the effects of supplement feed preparation. These studies indicate that food technology influences different meat quality parameters in trout (Hilton et al., 1981; CappellVens, 1984) , sea bream (Deguara, 1997) , Nile tilapia and striped mullet Mugil cephalus (Ammar et al., 2008) . Even fewer studies have dealt with the influence of concentrated treatment methods on fatty acid composition, and there are none on carp. According to the literature, the only similar survey was carried out on sea bass meat (Dicentrarchus labrax Linnaeus, 1758) in Turkey (Aslan et al., 2009) . In this survey, an extruded feed diet resulted in an increase of the n-3/n-6 fatty acid ratio in relation to fish fed with pelleted feed by about 11%, due to a slight decrease of n-6 and an increase in n-3 fatty acid content, while other significant effects have not been observed (Aslan et al., 2009 ).
Having in mind that carp is very common in human nutrition and different types of technology can be used for carp growing based on a variety of feed, as well as various methods for concentrated mixture processing being used for carp diet, it is important to perceive the influence of feed treatment on the fatty acid content in carp meat and its importance as a natural food for Chironomidae larvae. The main objective of this study was to determine the effect of pelleted and extruded feed on fatty acid content in carp meat and Chironomidae larvae.
MATERIALS AND METHODS

Sampling and design
In order to examine how supplement (extruded and pelleted) feed affects the fatty acid composition of carp meat and Chironomidae larvae (natural carp feed), an experiment was carried out in two fishponds of the same area (650 m 2 in bottom base). The ponds lie side-by-side within an experimental fish farm of the Center for Fishery and Applied Hydrobiology, Faculty of Agriculture, University of Belgrade. One thousand two hundred carp individuals were placed in both ponds (L1 and L2). Specimens are genetically identical, aged two months with an individual weight of 5.69±0.02g in pond L1 and 5.71±0.02g in pond L2. In addition to natural feed, the carp was fed with extruded (pond L1) and pelleted (pond L2) feed in the course of three months (July-October, 2010) . Two categories of fish feed (extruded and pelleted) were produced by using the same components (28.0% soybean, 14.0% fish meal, 8.0% yeast, 10.0% wheat, 20.3% corn and 16% soybean meal), with two different feed production technologies (extrusion and pelleting). The mass of the daily fishmeal was 3% compared to ichthyomass in the fishpond. Chironomidae larvae were sampled with a modified EkmanBirge grab, adapted for usage in carp farms, with a grasping area of 87.55 cm 2 . In order to analyze the chemical and fatty acid composition of Chironomus plumosus larvae, 374 individuals were collected from pond L1 and 262 individuals from pond L2 (fourth and fifth larval instar). Until the laboratory work began, the samples were kept at -18ºC. For the analysis of the fatty acid composition of carp meat, six individual, randomly selected fish were taken from each fishpond, after three months of fish growing. Mean fish weight was 121.4±8.4 g for the fish in pond L1 and 79.8±5.5 g (P=0.002) for the fish in pond L2. Samples were preserved at -18˚C until the day they were examined in the laboratory.
Fatty acid analysis by capillary gas chromatography
Fish samples were thawed overnight at +4°C before analysis. Analysis was carried out on homogenized fish muscle after removing the skin, bones, head and viscera. Total lipids of fish muscle, feed and chironomids for fatty acid determination were extracted with a mixture of n-hexane and isopropanol (60:40, v/v) by accelerated solvent extraction (ASE 200, Dionex, Sunnyvale, CA) (Spirić et al., 2010) . The solvent was removed until dry under a stream of nitrogen at 50ºC. The fat extract was further converted to fatty acid methyl esters (FAMEs) by trimethylsulfonium hydroxide (EN ISO 5509:2000) . FAMEs were determined by capillary gas chromatography on GC instrument Shimadzu 2010 (Kyoto, Japan) equipped with split/splitless injector, flame ionization detector and cyanopropyl HP-88 column, length 100 m, i.d. 0.25 mm, film thickness 0.20 μm (J&W Scientific, CA). Injector and detector temperature were 250ºC and 280ºC, respectively. As carrier gas, nitrogen was used at a flow rate of 1.33 mL/min. The injected volume was 1 μL and injector split ratio was set at 1:50. The column temperature was programmed from the initial 125ºC to 230ºC. Total analysis time was 50.5 min. The chromatographic peaks in the samples were identified by comparing the relative retention times of FAME peaks with peaks in a Supelco 37 Component FAME mix standard (Supelco, Bellefonte, USA).
Results were expressed as mass of fatty acid (g) in 100 g of total fatty acids. Fatty acid content and total lipid analysis of carp meat were made in the Institute of Meat Hygiene and Technology in Belgrade (Serbia). (Simpson, 1949) to determine the degree of uniformity in the quantitative composition of the main groups of fatty acids. It was determined by BioDiversity Professional software McAleece (1997)).
Statistical methods
RESULTS AND DISCUSSION
Correspondence analysis showed a clear distinction between fish, Chironomidae and supplement feed in relation to fatty acid composition. These differences are a consequence of saturated fatty acid (SFA) dominance in Chironomidae, monounsaturated fatty acid (MUFA) dominance in carp and polyunsaturated fatty acid (PUFA) dominance in feed (Fig. 1 ).
There were several significant differences from this general trend. Thus, 18:1 cis 11 was the most dominant in Chironomidae, regardless of diet type and alpha linolenic acid in Chironomidae from the L2 pond (Table 1 and Fig. 1 ). In addition, n-6 acids, C20:2 n-6 and C20:3 n-6 were the most common in fish meat, regardless of the diet type, while C22:6 n-3 (docosahexaenoic acid, DHA) was the most common in the carp fed with extruded feed. PUFA domination in supplement feed was strongly influenced by the higher content of linoleic acid, which constituted 98.5% of total n-6 acids in the pelleted, and 97.9% in the extruded feeds. Similary, in the case of MUFA, oleic acid was the most dominant in fish meat (70%, regardless diet type). The striking dominance of oleic acid could be explained by a significant proportion of grains in the supplement feed (30%), and thus higher carbohydrate content in the pelleted and extruded feeds. A similar effect was observed previously , Kiminkova et al., 2001 Buchtova et al., 2007) . Experiments that included Acetyl CoA, with radioactive mark, have shown that this occurrence is not caused by selective accumulation of oleic acid, but by activating of its de novo synthesis caused by a diet abundant in carbohydrates and low in lipids, especially in linoleic acid whose presence blocks enzymes for de novo synthesis of oleic acid (Farkas et al., 1978; Csengeri, 1996; Henderson, 1996) .
Palmitic acid was predominant among the saturated fatty acids in Chironomus plumosus larvae, but to a much lesser extent (57.7% in larvae from L1 and 60% in larvae from L2). In fact, if Simpson's diversity index is taken as a measure of fatty acid uniformity, it is obvious that the fatty acid composition of SFA and MUFA was the most uniform in Chironomidae larvae (Fig. 2) . According to the results of the Simpson's index, n-6 acids are characterized by the least uniform composition in all groups (Fig. 2) due to a pronounced dominance of linoleic acid (Table 1 ). This dominance is most apparent in Chironomidae from the L1 pond where linoleic acid was the only n-6 fatty acid. Additionally, n-3 acids were characterized by the most balanced composition, with the exception of Chironomidae, particularly in the L2 pond (Fig. 2) due to distinct dominance of ALA and total absence of DHA (Table 1). The absence of DHA or its very low proportion (<0.2%) seems to be typical for Chironomidae larvae, as has been observed in a number of studies (Sushchik et al., 2003; Makhutova et al., 2011; Ghioni et al., 1996; Bell et al., 1994) . However, there are some exceptions (Bogut et al., 2007) where eicosapentaenoic acid (EPA) is the primary (dominant) polyunsaturated fatty acid in Chironomidae, which is confirmed by our results.
According to the results shown in Table 1 , differences among the groups were most pronounced at the n-3 fatty acid level. The content of monounsaturated and unsaturated fatty acids was similar in both feed types (P>0.05), and differences in PUFA, in addition to the linoleic acid content, was primarily reflected in the content of omega-3 fatty acids. Thus, it is statistically significantly higher (P<0.001) for extruded (11.34±0.12%) than for pelleted (7.72±0.08%) feed. This gave rise to significant differences in the ratio of omega-3/omega-6 fatty acids, which was significantly higher (P<0.001) for extruded (0.315±0.005%) than for pelleted (0.180±0.001%) feed. These results are in correlation with published data (Aslan et al., 2009) . Although different, both of these relationships are relatively low as a consequence of soybean over fishmeal domination in both types of feed. Besides, the differences in the content of omega-3 fatty acids were due to the increased content of higher omega 3 fatty acids (20:5 n-3 EPA, 22:5 n-3 DPA, 22:6 n-3 DHA) in extruded feed, while the content of linoleic acid is approximately equal.
These differences in n-3 PUFA content in fish feed were fully reflected in the profile of n-3 PUFA content in the carp meat. Omega 3 fatty acids were more prevalent (P=0.030) in carp fed with extruded feed (6.98±0.53%) compared to those fed with pelleted feed (5.46±0.07%). This is a consequence (as in the case of supplement feed) of the increased content of higher omega 3 acids (EPA, DPA, DHA) in the carp meat fed with extruded feed, while the ALA content was the same, regardless of feed type. In accordance with the higher content of omega-3 fatty acids, their relationship with the omega-6 acids was significantly higher (P=0.039) in the carp meat fed with extruded (0.295±0.022) than in those fed with pelleted feed (0.232±0.009). The composition of both feed types was identical, but observed differences are due to the different methods of feed production technologies (extrusion and pelleting).
In the case of Chironomus plumosus larvae, the situation was the opposite. Chironomidae from L2, with the pelleted feed treatment, had a significantly higher content of omega 3 fatty acids (8.22±0.89%, P=0.002) and higher ratio of omega 3 to omega 6 (0.81±0.09, P<0.001, Table 1 ) compared to Chironomidae from L1 with the extruded feed treatment (4.48±0.06% and 0.21±0.01, Table 1 ). In addition, differences in the content of omega 3 fatty acids were the result of the far higher ALA content in Chironomidae from the pond with pelleted feed treatment. CA analysis could identify such large differences in n-3 and n-6 fatty acids content (Table 1) in Chironomidae larvae, depending on the feed treatment in the ponds. These differences are unobservable in the fatty acid composition of carp even in the supplement feed, especially along the F1 axis, which explains most of the variation (71.3%). Unambiguous evidence for this claim is provided by correspondence analysis when PUFA is only taken into account (Fig.  3) . In this case, both types of fish feed are relatively closely grouped, especially along the F1 axis, while Chironomidae from the ponds with pelleted and extruded feed treatment are drastically more separated along both axes in relation to PUFA content. The main cause of this separation is clearly ALA, showing the highest correlation with the F1 axis. In fact, due to the high ALA content, the PUFA content of Chironomidae from L2 is clearly separated not only in relation to Chironomidae from L1, but in relation to both feed types and fish with both feed treatments.
On the basis of our results, it can be concluded that supplement feed has a greater impact than natural feed when it comes to fatty acid composition. Having in mind the relatively small amount of Chironomidae in the studied ponds, as well as the fact that in the presence of supplement feed carp rather chooses extra, easily accessible food than organisms of the benthos (Marković, 2010) , this result was to be expected. However, it was expected far less that the type of supplement feed would have such a significant impact on the fatty acid composition in Chironomidae larvae. Since Chironomidae are represented only by predominantly detritivorous genus Chironomus, the cause of different feed type effect on Chironomidae in relation to fish, can be found in the fact that when carp are fed with pelleted feed, wastage is considerably higher compared to when its fed with extruded feed. Specifically, pelleted feed decomposes into small particles in contact with water and thus becomes available to detritivores like Chironomidae larvae, while extruded feed stays compact in the water much longer until it is eaten by carp, thereby not being available to Chironomidae larvae (Marković, 2010) .
CONCLUSIONS
In order to examine how supplement (extruded and pelleted) feed affects the fatty acid composition of carp meat and Chironomidae larvae (natural carp feed), an experiment was carried out (from July to October, 2010) in two fishponds (L1 and L2) of the Centre for Fishery and Applied Hydrobiology, Faculty of Agriculture, University of Belgrade. As the composition of both feed types was identical, differences in omega 3 PUFA (11.34±0.12% for extruded and 7.72±0.08% for pelleted feed) and the omega 3/ omega 6 ratio (0.315±0.005 for extruded feed and 0.180±0.001 for pelleted feed) were probably due to the technology of food processing. The specific heat treatment used for extruded feed makes its lipids more accessible to fish than those used for pelleted feed.
The experiment showed that supplement feed had a great impact on fatty acid composition in carp meat, even though its natural food (mostly Chironomidae larvae) was available to the carp.
Fatty acid composition of carp fed with extruded and pelleted feed was nearly identical, with the exception of the higher content of omega 3 fatty acids (p=0.03) in carp fed with extruded feed (6.98±0.53%) compared to the carp fed with pelleted feed (5.46±0.07%) and thereby the higher ratio of omega 3 and omega 6 fatty acids in carp fed with extruded feed (p=0.039).
Chironomus larvae from the L2 pond had a significantly higher content of omega 3 fatty acids (8.22±0.89%, p=0.002) and thus a higher ratio of omega 3 to omega 6 fatty acids (0.81±0.09, p<0.001) compared to Chironomidae from L1 (4.48±0.06% and 0.21±0.01 ).
The difference in the prevalence of omega 3 fatty could be due to the greater availability of pelleted feed compared to extruded feed in Chironomidae diet.
